demonstrate that the light band has the kinetic properties of site 1 with respect to naphth-1-ylacetate binding, whereas the heavy band is kinetically equivalent to site 2.
specific binding of oestrogen-receptor complexes to acceptor sites in chromatin (see reviews by King & Mainwaring, 1974a,b; O'Malley & Means, 1974) as well as to investigate the sequential acquisition of responsiveness to oestrogen in rat uterus during postnatal development. This series of changes appears to be in interactions taking place after the binding of oestrogen with receptor, and possibly involves changes in the non-histone proteins of the chromatin . The rat uterus provides a convenient source of material in the form of an organ whose rate of synthesis of a specific protein is age-dependent.
The prepuberal uterus has an additional advantage in that all of the cellular types in the uterus, namely the luminal epithelium, the stromal glands and the stroma itself (which together constitute the endometrium) and even the muscle layer (the myometrium) are responsive to oestrogen (Kaye et al,, 1972) . This is shown, for example, by the fact that the mitotic index in uteri of 20-day-old rats, after 4h of exposure to colchicine, is 16.4% in luminal epithelium, the most responsive cell type, and as high as 5.8 % even in niyometrium, as compared with values of 1 .O % or less for all cell types in the absence of oestrogen stimulation.
A specific protein which is presently suitable as a marker for oestrogen action in rats is the oestrogen 'induced protein' of Notides & Gorski (1966) . It is the only uterine protein capable of induction both in uiuo and in surviving uteri (Katzenellenbogen & Gorski, 1972) and whose synthesis can be demonstrated within 40min of oestrogen administration (Barnea & Gorski, 1970) . In addition, it has been shown that induced protein is VOl. 3 synthesized in both the endometrium and myometrium of 22-25-day-old rats (Katzenellenbogen & Leake, 1974) and in the epithelium, stroma and myometrium of mature ovariectomized rats (Dupont-Mairesse & Galand, 1975) .
Changes in uterine responsiveness to oestrogens during the first month of lye
The sequential acquisition of responsiveness to oestrogens has been reviewed along with the techniques used to establish the sequence, and is briefly summarized in Table 1 . Particularly useful is the fact that the induced protein, whose synthetic rate is not increased by oestrogen when tested on day 5 of life, is stimulated by oestrogen by day 10, an age at which no stimulation of general protein or nucleic acid synthesis has been detected. Both cytoplasmic (Clark & Gorski, 1970) and nuclear oestrogen receptors (Somjen et al., 19736 ; G. J. reach their peak value at 10 days ( Table 1) ; the rate of incorporation of amino acids into uterine protein also shows a maximum at 10 days of age . Whether this increase in incorporation of amino acids is a necessary preparation for the first net stimulation by oestrogen of protein and nucleic acids, which occurs in our strain of Wistar rats between 10 and 15 days of age, is now under investigation.
In other rat colonies, the ages at which changes in responsiveness occur may differ (Luck et al., 1973) ; perhaps it is the relative weights of uteri and rat that are the independent variables. Katzenellenbogen & Greger (1974) have confirmed the sequential acquisition of responsiveness by using additional parameters in a colony of SpragueDawley rats.
A striking exception to the age-dependent responsiveness to oestrogen described above is the case of ornithine decarboxylase, the enzyme with the shortest half-life in viuo yet described. The induction of ornithine decarboxylase by oestradiol (Cohen et al., 1970; Kaye et al., 1971 ) takes place as early as 2 days after birth to a level of specific activity that is not significantly lower than that attained by the age of 20 days.
Distribution and properties of the oestrogen 'induced protein'
The induced protein was first detected in rat uterus (Notides & Gorski, 1966) and later reported in rat vagina (Katzman et al., 1971) . We have shown by double-labelling with Table 1 . Seqiiential acqirisitiori of resporuicencss to oestradiol-I 78 ditring postnatal development of the rat uterus Concentration of nuclear receptor per unit weight of DNA, 1 h after oestradiol injection, was determined by a micro-modification (Somjen et al., 1973b) of the exchange binding method of Anderson et al. (1972) ; the rate of synthesis of induced protein 1 h after oestradiol injection, by a modification of the isotope-ratio method of Katzenellenbogen & Gorski (1972) by using electrophoresis on Cellogel; the rate of total protein synthesis 4 h after oestradiol injection, by incorporation of a 3H-labelled amino acid mixture (Somjen er al., 19736) into acid-insoluble products; and the rate of DNA synthesis 24h after oestradiol injection, by incorporation of [3H]leucine and ['4C]leucine followed by electrophoresis on gelatinized cellulose acetate that induced protein is not restricted to the rat ) but is also detectable in uteri of 20-day-old C3H/eB and SWR mice. However, the size of the peak detected is only approximately one-quarter of that found in rats of comparable age, which may account for the difficulty in finding induced protein in the mouse. Our attempts to find induced protein synthesis in rat pituitary glands, in uteri of ovariectomized adult cows treated with oestradiol (in collaboration with Dr. N. Ayalon of the Kidron Veterinary Institute, Beit Dagan, Israel), in uteri of immature guinea pigs, or in human uterus or mammary turnours have not unequivocally revealed its occurrence. Whether this is due to its absence from these many species or to a lack of increase in its rate of synthesis under the conditions we are using remains to be decided, possibly by the use of antibodies to purified induced protein.
The molecular weight and isoelectric point of induced protein have been reported to be between 39000 and 45000 and between 4.5 and 4.7 respectively ( Table 2) .
The name oestrogen-induced protein seems appropriate in that induced protein synthesis is stimulated by synthetic oestrogens such as diethylstilboestrol (Katzenellenbogen & Gorski, 1972) as well as by oestriol and even by the plant oestrogens genistein (1250pgl rat) and coumestrol (300pgirat) when tested in 20-day-old rats (D. Somjen & A. M. Kaye, unpublished work). Although cyclic AMP had previously been shown to be ineffective in stimulating induced protein synthesis in uitro (Katzenellenbogen & Gorski, 1972) , and isoproterenol (2pg/ml), which leads to the formation of cyclic AMP in the uterus (Sanborn et al., 1973 ; Zor et a/., 1973), was also ineffective(D. , the question of stimulation by cyclic nucleotides was raised anew by the report (Kuehl et al., 1974) that cyclic GMP concentrations rise in rat uterus after oestrogen administration. Accordingly, we tested cyclic GMP ( 5 m~) , monobutyryl cyclic GMP ( l m~) and dibutyryl cyclic GMP (1 mM) for their ability to stimulate the synthesis of induced protein in uitro and found no stimulation by any of these cyclic nucleotides .
In order to develop a cell-free induction system far induced protein we wished to maximize its synthesis. The report (De Angelo & Fujimoto, 1973) of increased synthesis of induced protein in the presence of actinomycin D was therefore of great interest. However, in our experiments using either 10-day-old or 20-day-old rats, we found no evidence for increased synthesis of induced protein when, after oestrogen treatment for 1 h, uteri were incubated in uitro in the presence of actinomycin D for an additional 1 h or 3 h period. In the 10-day-old rats, in which induced protein is synthesized in the absence of net protein synthesis, there is no significant fall in the induced proteinsynthetic capacity after 3 h of incubation in actinomycin D. This is in contrast with the situation in uteri from 20-day-old rats, where a marked decline in the induced protein measured occurs after 3 h of incubation. This apparent absence of a system for the rapid degradation of mRNA for induced protein from the 10-day-old rat is additional evidence against a translational control of its synthesis by superinduction.
Search for a role for the 'induced protein'
Although induced protein was first described in 1966, as yet no function has been demonstrated for it. Even suggestions as to its role have been rare. Baulieu et al. (1972) - Cohen & Hamilton (1975) Val. 3
proposed that it is the 'key intermediary protein' in the stimulation of bulk RNA synthesis by oestradiol because of its rapid appearance hours before the rise in bulk RNA and protein synthesis. Vokaer et al. (1974) reported that phosphoprotein phosphatase activity (EC 3.1.3.16) is associated with preparations of induced protein that have gone through several steps of purification. However, we have studied the distribution of induced protein and phosphoprotein phosphatase during fractionation by (NH&S04 precipitation and electrophoresis on cellulose acetate gels and found it possible to separate induced protein and phosphoprotein phosphatase activity . No significant variations were observed between the phosphoprotein phosphatase specific activity of cytosol from control and oestradiol-treated uteri at 1, 4, 12 or 24h after treatment.
On preparative electrophoresis on gelatinized cellulose acetate blocks, phosphoprotein phosphatase migrated as asingle peak with less than half the mobility of induced protein, in both control and oestradiol-treated uteri. After fractionation of uterine cytosol by precipitation with (NH4)zS04, the greater part of induced protein was contained in the fraction precipitated between 50 and 80% saturation. By contrast, less than 20% of the phosphoprotein phosphatase activity was found in this fraction, and no phosphoprotein phosphatase activity (<0.1% of the total activity recovered) was observed in the region corresponding to induced protein. In recent preparations, A. Vokaer & S. Iacobelli (personal communication) found induced protein free of phosphoprotein phosphatase activity.
Cell-free synthesis of the 'induced protein'
The 12000g,,,. postmitochondrial supernatant suspension, from 10-or 20-day-old rat uteri, incorporated amino acids into acid-insoluble material as a linear function of protein concentration in the suspension, up to a limit of 15Opg of protein per 250p1 of incubation mixture (D. . The incorporation was linear with time up to 45 min at 37°C and the system had an efficiency for protein synthesis comparable with that ofthesystemdescribed by Teng & Hamilton (1967) , whoused uterine ribosomes and soluble fractions from rat liver.
The synthesis of induced protein by such uterine extracts obtained from 10-or 20-dayold rats, 1 or 2h after their injection with 4 or 5pg of oestradiol-l7j!?/rat, could not be detected at O"C, but was significant at 25°C and rose over the range 25-37"C, the highest temperature tested. Treatment of surviving uteri with 30n~-oestradiol-17j!? for 1 h at 37°C also permitted the extraction of a postmitochondrial supernatant suspension capable of synthesizing induced protein. Thus both the steps of induction of mRNA for induced protein synthesis and of protein synthesis itself were accomplished in uitro, but only the protein-synthetic step was carried out in a cell-free system.
Until now there has been no report of the successful isolation of mRNA for induced protein for programming a cell-free protein-synthesizing system. We have found (Somjen & Kaye, 1975 ) that crude nuclear preparations from uteri of 10-or 20-day-old rats are able to programme postmitochondrial supernatant suspensions for induced protein synthesis (Table 3) . Postmitochondrial supernatant suspensions from uteri of 10-day-old rats, after preincubation for 45min at 37°C and passage through Sephadex G-25, are able to incorporate labelled amino acids into proteins in a time-and temperature-dependent reaction. The induced protein detected after programming by crude nuclei was 25 % of the amount found in surviving uteri after oestradiol treatment in uiuo (Table 1 ). The rate of induced protein synthesis was stimulated to the same extent with nuclei from uteri of 10-or 20-day-old rats, but not at all by uterine nuclei from oestrogentreated 5-day-old rats or liver nuclei from oestradiol-treated 20-day-old rats. Incubations in the presence of actinomycin D (10pg/ml) did not affect the results. The crude nuclear preparations used contained 30-50 %of the total cellular RNA, as pointed out previously by Gorski & Nicolette (1963) , but treatment with Triton X-100 did not lead to any increase in stimulation of induced protein synthesis.
The difference between nuclei from 5-and 20-day-old oestrogen-treated rats in coding fraction from oestradiol-treated uteri). The reaction was stopped with EDTA (disodium salt's final concn. 0.05 %) and, after ultracentrifugation, dialysis and concentration, the combined 'H-and '"C-containing extracts were analysed for induced protein by electrophoresis on cellulose acetate gels. Ra is the migration relative t o bovine serum albumin.
Nuclear preparation from
Uteri of 20-day-old rats
Uteri of 20-day-old rats (Triton-washed)
Uteri of 20-day-old rats in the presence of actinomycin D for induced protein synthesis is similar to the situation we found previously in whole uteri (Somjenetaf., 1973b) and isan indicationthat thechangefrom inability tocapability for induced protein synthesis occurs within the nucleus. The identification of the factor(s) responsible for this change is one of our primary aims.
